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Purpose: The purpose of this artide is to review the results of patients who had cranial and 
cervical nerve dysfunction after undergoing carotid endarterectomy. 
Methods: The prospective study reviewed 183 consecutive carotid endarterectomies. Pre- 
operative and postoperative cranial nerve assessments were accomplished on all patients. 
Neurologic evaluation included direct fiberoptic laryngoscopy. Patients found to be 
neurologically intact had no further follow-up. Patients with postoperative n uropraxia 
were entered into regular long-term follow-up to assess delayed recovery. 
Results: Twenty-six (14.2%) nerve injuries were identified in 21 patients. There were 14 
recurrent laryngeal, 8 hypoglossal, 2 marginal mandibular, and 2 greater auricular nerve 
dysfunctions. Two patients were lost to follow-up. Eighteen (9.8%) nerve injuries were 
transient, whereas two (1.1%) were permanent. Four patients are currently tmdergoing 
extended follow-up to assess delayed recovery. Two patients with recurrent laryngeal 
nerve dysfunction were fotmd to have prolonged full recovery intervals: 20 months and 
50 months, respectively. 
Conclusions: The incidence of focal neuropraxia after carotid endarterectomy is presented. 
Most injuries are transient. However, permanent injuries can lead to significant disability. 
Extended follow-up will identify the small subset of patients with delayed complete nerve 
recovery. (J Vasc Surg 1997;25:481-7.) 
Postoperative stroke and death are the most com- 
mon complications discussed and studied in pa- 
tients undergoing carotid endarterectomy (CEA). 1,2 
Cranial and cervical nerve dysfunction after CEA 
have a more common occurrence, which an lead to 
significant disability. 3 However, these complications 
have received relatively little attention in the litera- 
ture. Most studies evaluating nerve dysfunction after 
CEA are retrospective. Prospective studies with pro- 
longed follow-up analyzing the incidence and conse- 
quences of  nerve injury after CEA are lacking. 
It is the purpose of this prospective study to 
present the experience of the VA Medical Center in 
Biloxi, Miss., regarding patients undergoing long- 
term follow-up for cranial/cervical nerve dysfunction 
after CEA. 
From the Surgical Service, VA Medical Center. 
This article reflects the authors' personal views and in no way 
represents the official view of the Veterans Affairs or the United 
States government. 
Reprint requests: Larry J. Fontenelle, MD, Chief, Surgical Service, 
Department of Veterans Affairs Medical Center, 400 Veterans 
Blvd., Department of Surgery 112, Biloxi, MS 39531. 
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MATERIAL  AND METHODS 
A prospective study evaluating cranial and cei'vi-- 
cal nerve dysfunction in 183 consecutive CEAs per- 
formed on 155 patients was undertaken at the VA 
Medical Center in Biloxi, Miss. All CEAs were per- 
formed by PG5/PG6 residents under direct staff 
supervision, The study period covered April 1990 
through February 1995. One hundred fifty-two men 
and three women with an age range of 41 to 84 years 
(mean 65.5 years) were studied. There were 140 
white and 15 black patients. 
Preoperative and postoperative cranial nerve as- 
sessment including fiberoptic laryngoscopy was ac- 
complished by the Otolaryngology Head and Neck 
Surgery (ENT) section of surgical services. Specific 
attention was directed to the evaluation of the hypo- 
glossal, recurrent laryngeal (RLN), superior laryn- 
geal, marginal mandibular (MMN), and glossopha- 
ryngeal nerves. Other postoperative ENT evaluation 
was performed within 3 weeks of surgery. Patients 
found to have cranial/cervical nerve dysfunction 
were entered into regular follow-up to assess delayed 
recovery. Follow-up ranged from 1 week to 50 
months. 
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Table I. Indications for CEA 
Indication Percent 
Completed CVA 11.5 (21/i83) 
TIA/amaurosis 32.8 (60/183) 
Nonhemispheric symptoms 13.7 (25/183) 
Asymptomatic 42.1 (77/i83) 
CVA, Cerebrovascular accident; TIA, transient ischemic attack. 
Table II. Postoperative complications 
after CEA 
Complication Percent (n) 
Postoperative CVAs 3.3 (6) 
Postoperative d aths 0.55 (I) 
Combined morbidity/mortality rate 3.3 
CVA, Cerebrovascular accident. 
RESULTS 
Indications for CEA in the 155 patients revealed 
that 42.1% of the operations were performed for 
asymptomatic carotid stenosis. Patients found to 
have transient ischemic attack/amaurosis ymptoms 
made up 32.8%. Nonhemispheric symptoms repre- 
sented 13.7% of the cases, whereas 11.5% of the 
patients were operated on for a completed, stable 
stroke (Table I). 
After surgery one patient (.55%) died, aaad six 
(3.3%) permanent CVAs occurred (Table II). 
One hundred fifty-five patients underwent 183 
consecutive CEAs. Twenty-eight patients had bilat- 
eral CEAs. Twenty-one patients had postoperative 
cranial/cervical nerve dysfunction. Seventeen pa- 
tients had single nerve injury, whereas four patients 
had multiple nerve injuries. One patient had three 
dysfunctional nerves (CNVII, X, XII), and three pa- 
tients had two dysfunctional nerves (two patients, 
CN-X, XII, one patient, CN-VII, XII). Of the four 
patients with multiple nerve deficits, one patient had 
previously had an ipsilateral modified radical neck 
dissection for treatment of squamous cell carcinoma 
of the tonsillar pillar. The second patient underwent 
a repeat CEA for progressive restenosis. The third 
patient had staged bilateral CEAs, and the fourth 
patient had a primary CEA. 
One hundred fifty patients had primary CEAs: 
122 unilateral and 28 bilateral. Eighteen of these 
patient had 20 postoperative dysfunctions. Thus the 
incidence of nerve dysfunction i  patients undergo- 
ing primary CEAs was I2% (18 of 150). Four pa- 
tients had repeat CEAs, whereas one patient had a 
primary CEA 3 years after undergoing an ipsilateral 
modified radical neck dissection. This patient was 
found to have three dysfunctional nerves. Of these 
five patients, three patients had six postoperative 
nerve dysfunctions, all of which were transient with 
recovery intervals ranging from 11 to 50 months. 
The incidence of nerve dysfunction i this group was 
60% (three of five). 
Twenty-six cranial/cervical nerve dysfunctions 
were identified in our 155 patients undergoing 183 
CEAs. This result yielded a total nerve injury inci- 
dence of 14.2%. There was a 7.7% incidence of RLN, 
a 4.4% incidence of hypoglossal nerve, a 1.1% inci- 
dence of MMN, and a 1.1% incidence of greater 
auricular nerve dysfunction. Eighteen (69,2%) of the 
26 nerve dysfunctions were transient for an overall 
transient nerve injury rate of 9.8%. Two injuries were 
found to be permanent for an overall permanent 
injury rate of 1.1%. These two involved the hypoglos- 
sal nerves and the RLNs. Four patients are currently 
undergoing extended follow-up to assess delayed 
nerve recovery. Two patients with initial postopera- 
tive true vocal cord (TVC) paresis were lost to fol- 
low-up after 4 months. Our results are summarized 
in Table III. 
Most of our nerve dysfunctions were transient, 
with most nerves fully recovered within I2 months. 
It was interesting that we had two patients with 
recurrent laryngeal nerve dysfunction who regained 
full function after prolonged time intervals: 20 and 
50 months, respectively. Neither of these patients 
had symptoms. Their return of normal TVC and 
recurrent recovery intervals ranged from 1 week to 
50 months, with a mean recovery of 9.2 months. If 
our patients with protracted recovery are excluded, 
the mean recovery decreases to 6 months. The aver- 
age recovery interval for specific nerve deficits re- 
vealed I4 months for RLN, 4.9 months for hypo- 
glossal nerve, 7.5 months for MMN, and 4 months 
for greater auricular nerve. Again, if our patients with 
two prolonged recovery periods are excluded, the 
average recovery interval for RLN decreases to 7 
months (Table IV). 
DISCUSSION 
Transient cranial and cervical nerve dysfunction 
after CEA is now well documented in the litera- 
ture. 4-1° Injury is usually related to stretch, retrac- 
tion, or clamping of the nerve during CEA. Transec- 
tion of a particular cranial nerve should be rare, given 
that the surgeon possesses in-depth lmowledge of 
normal and anomalous cranial nerve anatomy. Our 
study prospectively evaluated the incidence of cranial 
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Table I I I .  Results 
Total Transient Perl~anent 
Nerve No. Percent No. Percent No. Percent 
Recurrent laryngeal 14 7.7 8 4.4 1 0.55 
(14/183) (8/183) (1/183) 
Hypoglossal 8 4.4 7 3.8 1 0.55 
(8/183) (7/183) (1/183) 
Marginal mandibular 2 1.1 2 1.1 0 0 
(2/183) (2/183) 
Greater auricular 2 1.1 1 0.5 5 0 0 
(2/183) (1/183) 
Total 26 14.2 18 9.8 2 1.1 
(26/183) (18/183) (2/183) 
and cervical nerve dysfunction after 183 consecutive 
CEAs. However, except in one incident of direct 
injury, the mechanism was unclear but was probably 
related to stretch or retraction. We additionally initi- 
ated long-term follow-up on patients with evidence 
of postoperative nerve dysfunction to assess pro- 
longed recovery. One such patient was monitored 
for 50 months before full return of RLN function 
was documented. In our review of  the literature 
comparable long-term follow-up of patients with 
postoperative n rve dysfunction is lacking. 
The incidence of cranial nerve dysfunction after 
CEA reported in the literature ranges from 3% to 
23%. 4-9'11-14 Our overall nerve dysfunction rate was 
14.2%, which included 18 (9.8% overall) transient 
deficits, two (1.1% overall) permanent deficits, four 
(2.2% overall) deficits undergoing extended follow- 
up, and two (1.1% overall) deficits lost to follow-up. 
Most studies in the literature fail to comment on 
permanent nerve injury rates or the consequences of
patients with persistent nerve dysfunction at the end 
of  their study periods. In addition, most studies 
rarely have follow-up periods longer than 12 
months. 
Reported incidences for specific nerve dysfunc- 
tions from the literature are presented in comparison 
to our results (Table V). Hypoglossal nerve dysfunc- 
tion ranged from 1% to 13.8%. 1<ll Our hypoglossal 
dysfunction rate was 4.4%. RLN dysfunction ranged 
from 1% to 25%. 8,~3 Our RLN dysfunction rate was 
7,7%. MMN dysfunction ranged from 0.5% to 
15%. n,13 Our MMN dysfunction rate was 1.1%. The 
incidence of glossopharyngeal and spinal accessory 
nerve dysfunction after CEA is not accurately known, 
given the rarity with which these injuries occur. In 
our study no patients with postoperative spinal acces- 
sory or glossopharyngeal nerve dysfunction were 
identified. Greater auricular and transverse cervical 
nerve dysfunction after CEA is much higher than 
Table IV. Cranial/cervical nerve 
recovery intervals 
Injury Months 
Recurrent laryngeal nerve 1, 2.5, 7, 9, 11, 12, 20, 50 
HypogJossal nerve 0.25, 1, 3, 3, 4, 11, 12 
Marginal mandibular nerve 4, 11 
Greater auricular nerve 4 
Mean recovery, 9.2 months (6 months if 20 and 50 month 
extremes are omitted). 
would be expected from postoperative patient re-- 
ports. Aldoori and Baird l° and Dehn and Taylor 8 
report incidences of 42.3% to 60% for greater auric- 
ular nerve dysfunction and 69% to 88.5% for trans- 
verse cervical nerve dysfunction at 1 week after sur- 
gery. Our greater auricular nerve dysfunction rate 
was 1.1%. 
The hypoglossal nerve exits the skull through the 
hypoglossal canal, running caudad behind the ca- 
rotid artery and internal jugular vein for approxi- 
mately 4 cm. It then courses medially across the 
anterior aspect of the internal carotid artery (ICA) 
and external carotid artery (ECA) and behind the 
posterior belly of the digastric muscle. It usually 
crosses the ICA and ECA approximately 2 to 4 cm 
above the carotid bifurcation. It then enters the base 
of the tongue, where it supplies motor innervation. 
The course of the hypoglossal nerve is variable and 
can bc as low as the carotid bifurcation or be adher- 
cnt to the posterior surface of the anterior facial vein 
as it crosses the carotid bifurcation. This nerve is 
tethered by file descendens hyp0glossi and the ster- 
nomastoid artery and vein. Imparato et al. 1~ have 
described atraumatic mobilization of  the hypoglossal 
nerve, where the descendens hypoglossi nerve and 
the sternomastoid artery and vein are suture ligated 
to facilitate cephalad mobility of the hypoglossal 
nerve. This procedure decreases the chance of undue 
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Table V. Comparative studies 
No. of 
Reference Years operat ions  Hypoglossal 
Nerves injured: n (%) 
Marginal 
mandibular SLN & RLN Total 
Ranson et al. ~9 1962-67 214 l l  (5.1) 3 (1.4) 3 (1.4) 17 (7.9) 
DeWeese t al. 17 1963-68 103 18 (17.5) 
Matsurnoto et al. is 1974-76 130 11 (8.5) 2 (1.5) 3 (2.3) 16 (2.3) 
Hertzer et al. 4 1978-79 240 13 (5.4) 6 (2.5) 19 (7.9) 38 (15.8) 
Knight et al. 6 1974-84 129 3 (2.3) 4 (3.1) 5 (3.9)* 12 (9.3) 
Schauber et al. 1990-95 183 8 (4.4) 2 (1.1) 14 (7.7)* 24 (13,1) 
*RLN. 
pressure on the hypoglossal nerve during exposure of 
the distal ICA. Division of the descendens hypo- 
glossi, which supplies motor innervation to the omo- 
hyoid muscle, has been shown to have no clinical 
consequence. 7 Not uncommonly, the hypoglossal 
and vagus nerves will appear to fuse in the upper 
surgical field during CEA. Attempts to separate these 
nerves hould be avoided to minimize risk of injury. 
Hypoglossal nerve dysfunction can present with sub- 
clinical symptoms manifested only by deviation of 
the tongue to the ipsilateral side of injury. Severe 
injury can result in profound tongue clumsiness, 
tongue biting, dysarthria, nd symptomatic mastica- 
tion and deglutition. Bilateral hypoglossal nerve pa- 
ralysis can lead to upper airway obstruction in the 
supine patient. 16 
The vagus nerve exits the skull by way of the 
jugular foramen, along with the spinal accessory and 
glossopharyngeal nerves. It forms the ganglion no- 
dosum, where the superior laryngeal nerve (SLN) 
comes off. It then descends vertically into the neck in 
the carotid sheath posterolateral to the carotid artery 
and jugular vein. Occasionally the vagus can be an- 
teromedial to the carotid artery, a location that in- 
creases its risk of injury. The vagus nerve can be 
intimately associated with the ICA and central ca- 
rotid artery (CCA) in the carotid sheath. Great care 
must be used during dissection of these arteries to 
avoid inadvertent vagal injury. In addition, great care 
must be taken during placement of vascular clamps 
on the CCA and ICA to avoid crush injury to the 
adjacent vagus nerve. 
The RLN loops around the subclavian artery on 
the right and the aortic arch on the left. The nerve 
then ascends into the neck in the tracheoesophageal 
groove This nerve supplies motor innervation to all 
intrinsic muscles of the larynx except he cricothyroid 
muscle. It also supplies sensory innervation to the 
laryngeal mucosa below the TVC. The RLN is gen- 
erally well removed from the operative field during 
CEA. Therefore direct injury to the nerve is rare. 
Self-retaining retractors that are too deep, exerting 
pressure on the trachea and tracheoesophageal 
groove, can result in direct RLN injury. Although 
unusual, a nonrecurrent laryngeal nerve can occur. 
This nerve leaves the vagus around the level of the 
carotid bifurcation and courses medially and poste- 
rior to the CCA to enter the larynx directly. This 
nerve is at risk during dissection of the CCA and 
carotid bifurcation. Aldoori and Baird 1° state that the 
most common cause is direct injury to the vagus 
nerve. Dehn and Taylor s believe that RLN dysfunc- 
tion is the result of vagal trunk injury. The RLN 
fibers are medially placed in the vagal trunk. These 
fibers are therefore at risk during mobilization of the 
carotid and adjacent vagus nerve during placement of 
clamps on the carotid and during placement of re- 
tractors. Unilateral RLN injury results in ipsilateral 
TVC paralysis in the median or paramedian position, 
which is usually well tolerated. Patients with this 
injury may have no symptoms as a result of a fully 
compensated contralateral TVC. Most patients, 
however, have mild to moderate hoarseness and loss 
of an effective cough mechanism. Evans et al)4 re- 
ported a 35% incidence of vagal nerve injury after 
CEA with motor speech evaluation. One half of these 
deficits were missed by indirect laryngoscopy. This 
finding supports the postulate that clinical assess- 
ment with indirect laryngoscopy for RLN dysfunc- 
tion is greatly inadequate and grossly underestimates 
the incidence of TYC paralysis. This problem be- 
comes of marked concern when life-threatening up- 
per airway obstruction can result from bilateral RLN 
injury. Therefore all patients undergoing a contralat- 
eral staged CEA must undergo direct laryngoscopy 
to document TVC function. In addition, patients 
needing repeat CEAs or having had previous ipsilat- 
eral or contralateral neck surgery should also have 
direct laryngoscopy to evaluate TVC function. 
The SLN is a branch of the vagus nerve in the 
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neck. It courses behind the ICA and ECA, where it 
divides into an internal and external branch. The 
internal branch supplies ensation to the larynx above 
the TVCs, whereas the external branch supplies mo- 
tor innervation to the cricothyroid and inferior con- 
strictor muscles. The external branch is in close prox- 
imity to the proximal superior thyroid artery, and 
there is a risk of injury during isolation of this vessel 
during CEA. Injury is minimized by staying in close 
proximity to the carotid-superior thyroid artery junc- 
tion during dissection. Injury to the internal branch 
can result in minor swallowing problems caused by 
decreased sensation at the laryngeal inlet. This deficit 
is generally transient with resolution in 4 to 6 weeks.7 
Dysfunction of the external branch leads to paralysis 
of the cricothyroid muscle, causing decreased TVC 
tensor ability. This condition results in early fatigabil- 
ity of the voice and inability to phonate high-pitched 
notes. These consequences are very troublesome for 
patients who sing or speak publicly for a living: The 
incidence of SLN dysfunction is hard to accurately 
establish, because the diagnosis can be hard to make, 
even when direct laryngoscopy examination is 
used .7  10 
The marginal mandibular branch of the facial 
nerve emerges from the parotid gland, coursing for- 
ward across the masseter muscle and paralleling the 
ramus of the mandible to innervate the muscles at the 
angle of the mouth and lower lip. The nerve runs just 
deep to the platysma. The nerve is pulled down 
closer to the operative field for CEA when'the neck is 
hyperextended and rotated to the opposite side. 
Transverse sldn incisions place the nerve at increased 
risk. The upper extent of longitudinal skin incisions 
also places the nerve at risk where it exits the parotid 
gland. To avoid this problem curve the superior 
extent of the longitudinal incision posteriorly toward 
the mastoid process. The nerve is additionally at risk 
from retraction on the angle of the mandible. This 
risk can be reduced by placing retractors away from 
the angle of the mandible and keeping them superfi- 
cial to the platysma. Injury to this nerve results in 
drooping of the corner of the mouth, causing a 
cosmetic deformity. Severe injury can cause problems 
with continence of fluids held in the mouth. 
The glossopharyngeal nerve exits the jugular fo- 
ramen, coursing anterior to the internal jugular vein 
and distal ICA at the base of skull. It supplies motor 
and sensory innervation to the pharynx. Injury to this 
nerve during CEA is rare, given its remote location 
to the operative field. Risk of injury increases when 
dissection on the ICA goes above the level of the 
hypolgossal nerve, especially if the posterior belly of 
the digastric muscle requires division. Injury to this 
nerve can result in symptoms ranging from mild 
dysphagia to severe recurrent aspiration, respiratory 
failure, and malnutrition. Injury results in uncoordi- 
nated swallowing and ablation of the gag reflex. In 
severe cases respiratory embarrassment from chronic 
aspiration and malnutrition from disordered egluti- 
tion can lead to tracheostomy and feeding jejunosto- 
my. 17 
The spinal accessory nerve exits the jugular fora- 
men, immediately coursing laterally and dorsally pos- 
terior to the stylohyoid muscle to enter the cranial 
portion of the sternocleidomastoid muscle. 11 It lies 
anterior to the most distal portion of the cervical 
ICA. Therefore it is not within the operative field of 
the routine CEA. It is rarely injured during CEA, but 
it must be kept in mind and protected when dealing 
with extremely distal ICA lesions. 11 Injury results in 
wealmess of the sternocleidomastoid and trapezius 
muscles, which can result in marked disability. Ag- 
gressive conservative therapy has been reported to 
result in complete rehabilitation i most cases. 13 
The transverse cervical and greater auricular 
nerves are cutaneous ensory nerves encountered 
during CEA. Both nerves emerge at the posterior 
border of the sternocleidomastoid musde and course 
anteriorly over its surface. The transverse cervical 
nerve runs across the lower end of the standard 
longitudinal neck incision for CEA. The greater au- 
ricular nerve runs superior across the uppermost por- 
tion of the CEA incision. Injury to the transverse 
cervical nerve results in cutaneous anesthesia overly- 
ing the parotid gland, angle of mandible, and eat'- 
lobe. The true incidence of nerve dysfunction i volv- 
ing these nerves is not known, because many patients 
have no symptoms and therefore are never evaluated[. 
In a prospective study by Dehn and Taylor 8 greater 
auricular nerve dysfunction was seen in 60% of pa- 
tients, whereas transverse cervical nerve dysfunction 
was seen in 69% of patients at 1 week. This rate 
decreased to 46.5% and 37.2%, respectively, at 6 
months. Comparable nerve injury rates have been 
reported by Aldoori et al. 1° Even though most pa- 
tients become accustomed to these sensory deficits 
and some patients have return of function after tran- 
sient injury, Dehn and Taylor 8 reported that 20% of 
their patients complained bitterly of their symptoms. 
For this reason they recommended preservation of 
these cutaneous nerves if at all possible. 
Review of the literature concerning cranial and 
cervical nerve dysfunction after CEA reveals that 
most nerve injuries are transient, s-l°,la arising from 
reversible neuropraxia fter dissection, stretching, 
JOURNAL OF VASCULAR SURGERY 
486 Schauber et aL March 1997 
clamping, or retraction versus permanent transection 
of the nerves. One other cause of nerve dysfunction 
that must be considered is a high-riding endotracheal 
cuff, causing a compressive neuropraxia of one or 
both RLNs as they enter the larynx between the 
arytenoid cartilage and the thyroid lamina. 18,19 This 
mechanism for injury to the RLN must be made 
aware to anesthesia support personnel so that they 
can verify accurate placement of the endotracheal 
balloon well below the cricoid cartilage. They also 
must avoid traction on the endotracheal tube, be- 
cause this will cause the balloon to ride up to the 
level of the cricoid cartilage, thereby predisposing to 
this type of RLN injury. 
Given our understanding of the various mecha- 
nisms that can lead to cranial/cervical nerve dysfunc- 
tion during CEA and the meticulous guidelines es- 
tablished and adhered to during this surgery, there 
are postoperative nerve dysfunctions that cannot be 
reasonably explained. Could there be as of yet un- 
identified factors influencing the development of 
postoperative nerve dysfunction? One can postulate 
the possibility ofischemia playing a role in the devel- 
opment of these unexplainable postoperative neur- 
praxias. During CEA there are certainly periods of 
ischemia when the carotid is clamped. In discussion 
of this matter with neuroanatomists and in reviewing 
available neuroanatomy text, 2° there is no identifi- 
able vascular supply to the cranial/cervical nerves. 
These structures eem to derive their blood supply 
from surrounding tissues. 
CONCLUSION 
Cranial and cervical nerve dysfunction after CEA 
usually is caused by direct trauma to the specific 
nerve by stretch, retraction, clamping, or transec- 
tions. Adherence to the following guidelines will 
help minimize neuropraxia during CEA. 
1. Verify correct positioning of the endotracheal 
cuff below the level of the cricoid cartilage. 
2. Avoid excessive hyperextension f the neck dur- 
ing patient positioning. 
3. Properly place the skin incision. 
4. Correctly position self-retaining retractors (i.e., 
avoid the angle of the mandible, trachea, and 
tracheoesophageal groove). 
5. Minimize circumferential dissection of the 
CCA/ ICA/ECA. 
6. Maintain dissection of the vessels in the carotid 
sheath. 
7. Meticulously place clamps on CCA/ ICA to 
avoid vagal injury. 
8. Encircle the superior thyroid artery at its junc- 
tion with CCA to avoid SLN injury. 
9. Perform atraumatic mobilization of the hypo- 
glossal nerve if high exposure of the ICA is 
needed {i.e., division of the descendens hypo- 
glossi and suture ligation of the sternomastoid 
artery/vein). 
10. Be aware of glossopharyngeal and spinal acces- 
sory nerve injury risk when dissection extends 
above the level of the posterior belly of the 
digastric muscle. 
11. Never attempt o separate the hypoglossal and 
vagus nerves if they fuse together. 
12. Be aware of the possibility of a nonrecurrent 
laryngeal nerve crossing posterior to the CCA. 
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